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Appendix C: CMAQ Emission Reduction Estimates 

































































































(7) Assuming each new alt. mode trip eliminates an auto trip
(8) Source: VDOT, Hampton Roads average for light duty vehicles and roadway functional classes, 2011, 35mph
(9) Source: 2001 NHTS Table Designer
(10) It is assumed that the eliminated auto trips will have length lower than regular auto trips (10 miles; source (9)) and

higher than regular alt. mode trips (shown above).
(11) All-trip occupancy, based on occupancies assumed in CMAQ analyses of previous years: work- 1.1; non-work- 1.3
(12) HRPDC, Feb. 2003, Appendix C
(13) From application
(14) Assumes half of new adult cyclists and pedestrians since sidewalk exists on one side currently.
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JURISDICTION: Hampton
PROJECT NAME: Traffic Signal System Retiming
LOCATION: Citywide
DESCRIPTION: Retiming of arterial streets
DATE: 8/10/2011 (1)

PROJECT COST: $698,000

1 - EMISSIONS REDUCTION

Arterial

Intersection(s)

HRCP to 
North Park Ln
Old Big Bethel Rd to
Michael Woods Dr
Saunders Rd 1 18,173 1,599 10.7 17,112 28
Semple Farm Rd 1 14,322 1,260 10.7 13,486 22

Butler Farm Rd 1 31,147 2,741 10.7 29,328 48
Hardy Cash Dr to
HRCP
Floyd Thompson Blvd to
Semple Farm Rd

Hampton Club Dr 1 15,773 1,388 10.7 14,852 24

Semple Farm Rd to
Steam Plant

NASA to
Research Dr

Butler Farm Rd to
HRCP
Marcella Rd to
Tidemill Ln
Sweeney Blvd to
Sacramento Dr
Pembroke Ave to
Settlers Landing Rd
La Salle Ave to
Convention Center Blvd
Rip Rap Rd 1 16,396 1,443 10.7 15,438 25

Marcella Rd to
Coliseum Crossing South
Cunningham Dr to
Von Schilling Dr
Hardy Cash Dr 1 14,025 1,234 10.7 13,206 22

3,343 10.7 71,550 117

4 18,173 1,599 10.7 68,447 112

Number of 
Intersections

5 28,999 2,552 10.7

16,688 1,469 10.73

Big Bethel Rd

Delay 
Savings 

(hr/day)(5)

136,527 223

47,140 77

2 24,511 2,157 10.7 46,159

AADT (1)
Peak Hour 
Volume (2)

Delay 
Savings 

(s/veh)(3)

Delay 
Savings 

(s / pk hr)(4)

75

2 24,285 2,137 10.7 45,734 75

4 13,021 1,146 10.7 49,042 80

2 25,877 2,277

4 19,528 1,718 10.7 73,550 120

10.7 48,732 80

2 24,285 2,137 10.7 45,734 75

3 19,759 1,739 10.7 55,815 91

3 24,681 2,172 10.7 69,719 114

2 28,605 2,517 10.7

Hardy Cash Dr

Wythe Creek

37,9942

53,869 88

Commander Shepard Blvd

Armistead Ave

Coliseum Dr

CONGESTION MITIGATION AND AIR QUALITY
HIGHWAY - CORRIDOR IMPROVEMENTS

Magruder Blvd
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Executive Dr to 
Hartford Rd

Armistead Ave to 
Charlton Dr
Coliseum Dr to
Kilgore Ave
Riverdale Ct to 
Saville Row
Cunningham Dr 1 54,209 4,770 10.7 51,043 83
Langley Sq to 
Seldendale Dr
Pembroke Blvd to 
Old Buckroe Rd
Mallory St to 
Willard Ave
Aberdeen Rd to 
Big Bethel Rd
Newmarket Dr to
Martha Lee Dr
Todds Ctr to
Power Plant Wy

Rip Rap Rd to 
Gilbert St

Nickerson Blvd to
Clemwood Pkwy
Mercury Blvd to
Old Fox Hill Rd

I-64 1 8,563 754 10.7 8,063 13
County St 1 17,869 1,572 10.7 16,825 27
Pembroke Ave 1 13,133 1,156 10.7 12,366 20

Tyler St to 
Hampton Harbor Ave
Eaton St to 
Bridge St
Kecoughtan Rd 1 14,781 1,301 10.7 13,918 23

King St to
Back River Rd
La Salle Ave 1 18,168 1,599 10.7 17,107 28
Settlers Landing Rd 1 11,380 1,001 10.7 10,715 18
G St 1 10,697 941 10.7 10,072 16
Old Aberdeen Rd 1 10,697 941 10.7 10,072 16

Pembroke Pkwy to
I-664 Ramp (North)
Shell Rd 1 8,290 730 10.7 7,806 13

Michigan Dr 1 18,168 1,599 10.7 17,107 28
Settlers Landing Rd to
Victoria Blvd

La Salle Ave

King Street

Fox Hill Rd

Woodland Rd

Settlers Landing Rd

Pembroke Ave

Powhatan Pkwy

2 26,997 2,376 10.7 50,841 83

3 12,869 1,132 10.7 36,352 59

3 20,748 1,826 10.7 58,609 96

2 9,049 796 10.7 17,041 28

4 13,051 1,148 10.7 49,155 80

2 15,887 1,398 10.7 29,918 49

5 23,546 2,072 10.7 110,855 181

2 20,032 1,763 10.7

3 50,124 4,411 10.7

Mercury Blvd

2

141,590 231

37,724 62

2 54,611 4,806 10.7 102,843 168

104,427 171

2 45,396 3,995 10.7 85,490

2 57,242 5,037 10.7

55,452

107,798 176

Cunningham Dr

3 29,743 2,617 10.7 84,018 137

140

4,880 10.7

2 8,563 754 10.7 16,126 26

5 45,346 3,990 10.7 213,489 349

3 62,071 5,462 10.7 175,338 287

4 22,226 1,956 10.7 83,712 137
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Libbey St to
Mallory St

Mellan St to
Segar St

Hope St 1 4,844 426 10.7 4,561 7

Chesterfield Rd to
Powhatan Pkwy

Briarfield Rd to
Pembroke Ave

Orcutt Ave to
Cunningham Dr

Pine Chapel Rd to
Power Plant Wy

Total Delay Savings 3,133 hr/day

Type

Emissions 
Factor, 
g/hr (6)

Change in 
Veh Delay, 

hr/day 
(above)

Emissions 
Reduction, 

g/day

Emissions 
Reduction, 

kg/day

Conversion 
Factor, 

wkdays/yr

Emissions 
Reduction, 

kg/yr
VOC 10.948 3,133 34,295 34.3 250 8,574
NOx 3.573 3,133 11,192 11.2 250 2,798

2 - COST EFFECTIVENESS

Total Cost: (from above)
Useful Life, years: (3)

Annual Cost:

Type Cost, $/yr 
(above)

VOC $69,800
NOx $69,800

(1) From application
(2) VDOT AADT * Regional k factor from 2009 CMP database (0.088)
(3) As previously assumed
(4) Number of Signals * Peak Hr Volume * Delay Savings
(5) Delay Savings / Delay Represented by Peak Hour (.17) / 3600 s/hr
    Peak Hour Delay Factor Source: "Cost Benefit Model for Intersection Level of Service Improvements", HRPDC, 6/97
(6) VDOT, Hampton Roads Average for all vehicle types, average of principal and minor arterials, 2011, idle

Mellen St

7,397 12

Mallory St

2 9,196 809 10.7 17,318 28

Victoria Blvd

Aberdeen Rd

Todds Ln

Power Plant Pkwy

County St

2 3,928 346 10.7

4 17,234 1,517 10.7 64,910 106

8 17,063 1,502 10.7 128,532 210

7 21,822 1,920 10.7 143,833 235

2 5,743 505 10.7 10,815 18

8,574 $8 $7,384
2,798 $25 $22,627

$698,000
10

$69,800

Emissions Reduction, 
kg/yr (above)

Cost Effectiveness, 
$/kg

Cost Effectiveness, 
$/ton
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AGENCY: HRT
PROJECT NAME: Purchase 29 - twenty-nine foot buses
DESCRIPTION: Replacement of 29 29-foot buses
DATE: 8/8/2011 (1)

PROJECT COST: $10,875,000

Number of Vehicles Being Retired 29 vehicles(1)

Number of New Vehicles 29 vehicles(1)

Average Yearly Vehicle-Miles for Retired Vehicles 45,000 vehicle-miles(1)

Average Yearly Vehicle-Miles for New Vehicles 45,000 vehicle-miles(1)

1 - CHANGE IN VEHICLE EMISSIONS

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.08 0.38 45,000 29 502,409 502
NOx 3.8 17.78 45,000 29 23,203,161 23,203

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.001 0.01 45,000 29 8,500 8
NOx 0.2 0.94 45,000 29 1,221,219 1,221

2 - EMISSIONS REDUCTION VOC 493.9 kg/yr
Reduction in Emissions NOx 21,982 kg/yr

3 - COST EFFECTIVENESS

Total Cost: $10,875,000 (from above)
Useful life, years: 12 (1)

Annual Cost: $906,250

Type
Cost, $/yr 

(above) Cost Eff., $/Ton
VOC $906,250 $1,664,208
NOx $906,250 $37,393

(1) From application; given values for NMHC converted to VOC by factor of .484 (source: fhwa.dot.gov)
(2) Applying a conversion factor of 4.679 bhp-hr / mi, EPA data for Mobile6

CONGESTION MITIGATION AND AIR QUALITY
TRANSIT AND FIXED GUIDEWAY PROJECTS - VEHICLE PURCHASE/REPLACEMENT

Current 
Vehicles

Number of 
Vehicles

New 
Vehicles

Number of 
Vehicles

Emissions Reduction, 
kg/yr (above) Cost Effectiveness, $/kg

493.9 $1,835
21,982 $41
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AGENCY: Hampton Roads Transit
PROJECT NAME: HRT Paratransit Replacement 
DESCRIPTION: Replacement of 33 paratransit vans
DATE: 8/8/2011 (1)

PROJECT COST: $2,640,000

Number of Vehicles Being Retired 33 vehicles(1)

Number of New Vehicles 33 vehicles(1)

Average Yearly Vehicle-Miles for Retired Vehicles 50,000 vehicle-miles(1)

Average Yearly Vehicle-Miles for New Vehicles 50,000 vehicle-miles(1)

1 - CHANGE IN VEHICLE EMISSIONS

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.30 1.42 50,000 33 2,335,406 2,335
NOx 2.5 11.70 50,000 33 19,300,875 19,301

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.28 1.30 50,000 33 2,149,345 2,149
NOx 2.5 11.70 50,000 33 19,300,875 19,301

2 - EMISSIONS REDUCTION VOC 186 kg/yr
Reduction in Emissions NOx 0 kg/yr

3 - COST EFFECTIVENESS

Total Cost: $2,640,000 (from above)
Useful life, years: 15 (3)

Annual Cost: $176,000

Type
Cost, $/yr 

(above) Cost Eff., $/Ton
VOC $176,000 $857,958
NOx $176,000 no change

(1) From application; given values for NMHC converted to VOC by factor of .484 (source: fhwa.dot.gov)
(2) Applying a conversion factor of 4.679 bhp-hr / mi, EPA data for Mobile6
(3) As assumed previously

CONGESTION MITIGATION AND AIR QUALITY

no change

Emissions Reduction, 
kg/yr (above)

186
0

Number of 
Vehicles

Current 
Vehicles

New 
Vehicles

Number of 
Vehicles

Cost Effectiveness, $/kg
$946

TRANSIT AND FIXED GUIDEWAY PROJECTS - VEHICLE PURCHASE/REPLACEMENT
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AGENCY: HRT
PROJECT NAME: Purchase 41 - forty foot buses
DESCRIPTION: Replacement of 41 40-foot buses
DATE: 8/10/2011 (1)

PROJECT COST: $16,195,000

Number of Vehicles Being Retired 41 vehicles(1)

Number of New Vehicles 41 vehicles(1)

Average Yearly Vehicle-Miles for Retired Vehicles 50,000 vehicle-miles(1)

Average Yearly Vehicle-Miles for New Vehicles 50,000 vehicle-miles(1)

1 - CHANGE IN VEHICLE EMISSIONS

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.07 0.32 50,000 41 649,951 650
NOx 4.0 18.72 50,000 41 38,367,800 38,368

Emissions Rate
Emissions 

Rate VMT
Yearly 

Emissions
Yearly 

Emissions
g / bhp-hr (1) g/mi (2) mi/yr/bus g/yr kg/yr

VOC 0.009 0.04 50,000 41 89,013 89
NOx 0.2 0.94 50,000 41 1,918,390 1,918

2 - EMISSIONS REDUCTION VOC 560.9 kg/yr
Reduction in Emissions NOx 36,449 kg/yr

3 - COST EFFECTIVENESS

Total Cost: $16,195,000 (from above)
Useful life, years: 12 (1)

Annual Cost: $1,349,583

Type
Cost, $/yr 

(above) Cost Eff., $/Ton
VOC $1,349,583 $2,182,191
NOx $1,349,583 $33,583

(1) From application; given values for NMHC converted to VOC by factor of .484 (source: fhwa.dot.gov)
(2) Applying a conversion factor of 4.679 bhp-hr / mi, EPA data for Mobile6

CONGESTION MITIGATION AND AIR QUALITY
TRANSIT AND FIXED GUIDEWAY PROJECTS - VEHICLE PURCHASE/REPLACEMENT

Current 
Vehicles

Number of 
Vehicles

New 
Vehicles

Number of 
Vehicles

Emissions Reduction, 
kg/yr (above) Cost Effectiveness, $/kg

560.9 $2,406
36,449 $37
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